Abstract. The role of Rab coupling protein (RCP) has not been previously investigated in squamous cell carcinoma of the head and neck (SCCHN). The aim of this study was to explore RCP protein expression and its clinicopathological significance in SCCHN. RCP protein expression in 95 SCCHN samples, 18 vocal nodule epithelia and 16 leukoplakia epithelia samples was analyzed by immunohistochemistry and correlated with clinicopathological parameters and patient outcome. Our data indicated that vocal nodule epithelia, leukoplakia epithelia and SCCHN showed a gradual increase in the expression of RCP protein. RCP overexpression was significantly associated with T classification, clinical staging, lymph node metastasis and recurrence. Survival analysis revealed that a high RCP expression was significantly correlated with shorter overall survival and disease-free survival.
Introduction
Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most common malignancy worldwide, and is a cancer with moderately low survival and high recurrence rates. Each year, approximately 50,000 new patients are confirmed as having SCCHN, and patients are usually diagnosed at around 60 years of age (1) . Despite new therapeutic modalities, long-term outcomes of patients with SCCHN remain unsatisfactory (1) . SCCHNs with similar histology and localization receiving identical therapies may have different clinical outcomes. Based on clinicopathological parameters, such as T and N classifications, it is not possible to reliably predict which patients are likely to respond successfully to treatment or may exprerience recurrence. Differential gene and protein expression in tumors may explain the variations in response to the same treatment modality (2) .
The Rab proteins, Ras-related small G proteins (including the Rho-related proteins), serve a critical role in the regulation of intracellular transport events (3, 4) . A group of Rab11-interacting proteins has been described, which share several common domains and biological properties (5) (6) (7) . A member of this family, termed Rab coupling protein (RCP), has been shown to be important in tumorigenesis and progression of breast cancer (8, 9) . However, there are few data reporting RCP expression and its clinicopathological significance in other types of cancer. The present study was carried out to investigate the expression status of RCP protein in SCCHN and analyze whether RCP expression was correlated with the clinical features and prognosis in patients with SCCHN. Immunohistochemistry. Immunohistochemical staining was performed according to the manufacturer's instructions. Briefly, antigen retrieval was carried out in 10 mmol/l citrate buffer (pH 6.0) for 15 min at 100˚C in a microwave oven. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 10 min at room temperature. Slides were incubated with chicken IgY anti-RCP polyclonal antibody (Sigma, St. Louis, MO, USA) at 1:3000 dilution at 4˚C overnight, followed by the addition of HRP-labeled goat anti-chicken antibody (KPL, Gaithersburg, MD, USA) at 1:2000 dilution for 30 min. Immunoreactive proteins were visualized with 3,3'-diaminobenzidine (DAB) and counterstained with Mayer's haematoxylin. Negative control slides were probed with normal chicken serum under the same experimental conditions. Images of stained tissues were acquired with a Leica Qwin V3 image analysis system.
Materials and methods

Patients and tissues.
Evaluation of staining.
Sections were independently evaluated and scored by two pathologists (Xiang Li and Xueping Feng) who were blind to all clinical data. Evaluation of staining was estimated by the pattern of staining quantity and intensity as described by Yuan et al (11) : Quantity scores from 0 to 5 were respectively assigned if 0%, 1-10%, 11-30%, 31-50%, 51-80%, and 81-100% of the tumor cells were positive. The staining intensity was rated on a scale of 0 to 3: 0, negative; 1, weak; 2, moderate; and 3, strong). The multiplication of the intensity and extent scores was used as the final staining score for RCP. Theoretically, the scores ranged from 0 to 15. Scores above the median (≥7) were considered as high reactivity and 0-6 as weak reactivity.
Follow-up.
A total of 95 patients with SCCHN were followed up after surgery. The follow-up period was defined as the interval between the date of tumor excision and that of the patient's mortality or the last follow-up. Recurrence and metastasis were diagnosed by clinical examination, imaging evaluation and pathological studies. Overall survival (OS) and disease-free survival (DFS) were calculated from the day of surgery to the date of mortality or that of tumor relapse. The lost follow-ups and mortality from other causes were treated as censored cases.
Statistical analyses. Statistical analyses were performed using the SPSS statistical software version 17.0 (SPSS Inc., Chicago, IL, USA). Statistical significance between the expression of RCP protein and clinicopathological parameters was compared by the χ 2 test. Survival analyses were undertaken using the Kaplan-Meier method and curves were compared by the log-rank test. Identification of relevant prognostic factors was performed by the univariate and multivariate Cox regression analysis. Tests were two-sided, and P<0.05 was considered to indicate a statistically significant difference. (Fig. 1A and B) . Although 15 of the leukoplakia epithelia samples had a low expression of RCP ( Fig. 1C and D) , their scores all ranged from 1 to 3. While in SCCHN specimens, 65 (68.42%) cases demonstrated a high RCP expression (scored 8-15) ( Fig. 1G and H), 19 cases showed a low RCP expression (scored 4-7) ( Fig. 1E and F) , and only 11 cases (11.58 %) were scored 2-3.
Correlation between RCP expression and clinicopathological variables. The association between RCP protein expression and clinicopathological characteristics of SCCHN was explored by the χ 2 test. As shown in Table III , RCP overexpression was significantly associated with tumor T classification (P=0.028), clinical staging (P=0.012), lymph node metastasis (P=0.004) and recurrence (P=0.034), respectively. However, no significant correlation was observed between RCP protein levels and variables such as age (P=0.383), alcohol intake (P=0.658), smoking status (P=0.811), tumor site (P=0.153) and tumor grade (P=1.004).
Patient follow-up and survival analysis. In total, 95 patients with SCCHN remained in follow-up after surgery. The median follow-up of the whole series was 58 months (range, 2-96), and the median follow-up of the patients alive at the last visit was 75 months (range, 51-96). During this followup period, 5 cases were lost due to change of address, 46 (48.42%) cases developed loco-regional recurrence (median recurrence time was 17 months), among which 2 cases (2.11%) had loco-regional recurrence twice and 1 case (1.05%) had local recurrence and distant lung metastasis. Forty-three (43/95; 43.16%) patients succumbed to the disease in this retrospective study, and the main cause of death was tumor recurrence.
In the survival analyses by the Kaplan-Meier method, the expression of RCP in SCCHN was significantly correlated with disease-free survival ( Fig. 2A) and overall survival (Fig. 2B) . The log-rank test further demonstrated that the survival time was significantly different between groups with a high and low expression of RCP protein, indicating that a high level of RCP was tightly correlated with a shorter survival time. Univariate and multivariate Cox regression analyses were performed to identify relevant prognostic factors in overall survival using the Cox proportional hazards model (Table IV) . Univariate analysis revealed that the following variables were significantly associated with a worse prognosis: Alcohol history (P= 0.099); smoking (P= 0.048); T classification (P= 0.047); clinical staging (P= 0.039); lymph node metastasis (P= 0.007); recurrence (P= 0.000); and RCP expression (P= 0.015). However, the multivariate analysis showed that only recurrence had independent prognostic effects on the overall survival of patients with SCCHN (P=0.000).
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Discussion
In the current study, we investigated the protein expression of RCP in a series of 95 clinical paraffin-embedded specimens with intact follow-up information. Immunostaining results revealed that RCP protein levels were markedly higher in SCCHN tissues compared with laryngeal leukoplakia (precancerous lesions), while RCP was hardly detected in squamous epithelia from vocal nodules. Our results were in agreement with previous studies. Zhang et al (8) showed that RCP had a higher expression in invasive breast ductal cancer than normal breast epithelium, ductal carcinoma in situ (pre-malignant), weakly aggressive mucinous and medullary histological types. In addition, overexpression of RCP in MCF10A normal human mammary epithelial cells resulted in the acquisition of tumorigenic properties. For example, RCP overexpression decreased growth factor-dependent cell growth; increased cell survival under anoikis conditions; induced cell motility, invasion and EMT in vitro; and increased tumor growth and progression in vivo (8) . Thus, RCP is important in the malignant progression of SCCHN.
Subsequently, a detailed analysis for elucidating the correlation between RCP expression and clinicopathological variables was performed. RCP overexpression was found to be significantly associated with tumor T classification, clinical staging, particularly with lymph node metastasis, recurrence and a shorter survival time. The lymph node metastasis and postoperative tumor recurrence are important factors affecting prognosis (1, (12) (13) . At present, there are few data concerning RCP expression and tumor metastasis in other types of cancer except for breast cancer. RCP overexpression induced cell motility, invasion and EMT in vitro; RCP knockdown weakened tumor progression and lung micrometastasis in vivo (8) . The mechanism by which RCP promotes metastasis may be associated with certain downstream signals, such as EGFR and β1 integrin (9, (14) (15) . Caswell et al (14) reported that activated RCP associates with β1 integrin and acts to link this integrin with RTKs at recycling endosomes. This consequently drives cell proliferation and cell migration in 2D and 3D matrices. Furthermore, when cells migrate in 3D matrices, the ability of RCP and its binding partner RAB25 to localize integrin and EGFR signaling to the cell front drives the extension of invasive pseudopods. This trafficking-dependent localization of signaling proteins such as β1 integrin and EGFR may contribute to the role of RCP in metastasis (9, 14) .
The prognostic value of RCP protein in patients with SCCHN remains to be determined. Currently, prognostic evaluation is mainly based on traditional methods including clinical stage, tumor site and histopathological grade. Previous Figure 2 . Kaplan-Meier survival curve analysis of (A) overall survival and (B) disease-free survival in the 95 patients with SCCHN. A high RCP expression is negatively correlated with overall survival and disease-free survival. The log-rank test was applied to calculate the P-value. SCCHN, squamous cell carcinoma of the head and neck. 
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studies have suggested that other factors, such as molecular and cellular characteristics of the primary tumors, may improve our ability to prognosticate (16) . In our present investigation, the multivariate analysis revealed that only tumor recurrence had independent prognostic effects on the overall survival rate. However, the expression level of RCP protein failed to be an independent prognostic factor in our Cox multivariate analysis, although its expression was inversely correlated with overall survival and disease-free survival. This failure may be explained by the fact that the proportion of the cases diagnosed as recurrence and lymph node metastasis in 95 patients with SCCHN was extremely large, which may reduce the RCP significance in multivariate analysis. Thus, the evaluation of the RCP protein may further provide new information for patient prognosis.
In conclusion, our current study indicated that RCP was upregulated in human SCCHN and that RCP overexpression was significantly correlated with tumor malignant progression and poor survival in patients with SCCHN, which suggested that RCP may serve as a specific and a novel prognostic marker in SCCHN. However, further studies are required to determine the molecular mechanism of RCP involved in SCCHN progression and prognosis, which may lead to further development of new approaches targeting RCP for effective tumor management.
